Introduction
The industrial activity generates large amounts of liquid waste containing heavy metals. Processes used for treating this kind of materials are precipitation, solvent extraction or ion exchange. The limits of such treatments are due to their selectivity towards cations mixtures. A new original electrochemical way is purposed as an alternative of these techniques. This work deals with the extraction and the selective transfer of metal ions contained in liquid effluents or in lixiviats of industrial processes. This technique is based on the reversible redox reactions of insertion and deinsertion of cations in mineral host lattice matrices. The mineral matrix consist in a ternary molybdenum chalcogenides M x Mo 6 X 8 (where M=ternary metal cation and X= S,Se) known as Chevrel phases discovered by Chevrel, Sergent and Prigent in 1971 [1] . The reversible insertion/deinsertion reactions are easily realized by the oxidation/reduction electrochemical way when the ionic radius of the cation is less than 0,1 nm such as Co, Ni, Mn, Fe, Zn, Cu and Cd [2, 3] .
I. Principle of treatment
The ternary molybdenum chalcogenides have a rigid molybdenum chalcogen structure in which the cation enters in a three dimensional channels. The electronic sensitivity of the clusters and the high mobility of the ternary metal atom (M=small cation) [4] go together with an ionic transfer leading to redox reactions via electron/ion transfer process [5, 6, 7, 8] . The process is based on the topotactic insertion/deinsertion reactions in Chevrel phases [9, 10] which concern the Mo 6 cluster in Mo 6 X 8 units (with X=S,Se) according to the following relation:
The electrochemical transfer junction (ETJ) ( fig.1) consists of a Mo 6 X 8 disc compacted which is a watertight mineral junction between two electrolytes compartments. In the global electrolysis of the two cells whole, two reactions occur: -the insertion (1) of the cation M at the interface M x Mo 6 S 8 /electrolyte 1; -the reversible deinsertion (2) of the same cation M at the interface M x Mo 6 S 8 /electrolyte 2 . The principle of this process was involved in another exploitation of the redox system of insertion and deinsertion for the exchange of cations under electrochemical control, in the frame of recovery and valorization of effluents. In spite of the polycrystalline character of the Mo 6 S 8 or Mo 6 Se 8 junction, we have obtained a disc (thickness = 4mm, diameter = 25mm) with a compactness rate about 98%. Moreover it is necessary to carry out a compact interface in order to develop a good electronic conductivity and the best diffusion of the ions.
Electrolysis cells
All experiments were carried out in a laboratory built cell. It is made of PVC and constituted in two compartments of 100 mL:
-compartment 1 (liquid waste cation to be transferred = insertion from the ion)
-compartment 2 (electrolyte of beneficiation = deinsertion of ion)
The ETJ is placed between two compartments and an electronic contact allows us to control the potential (by a device of mechanical grip).
The system of insertion-deinsertion was studied in a global galvanostatic mode which is established between the anode A 1 (platinated titanium) of compartment 1 and the cathode C 2 (stainless steel) of compartment 2.
3. Controls
Control of working interface potentials
The follow-up of the potentials compared with the reference electrodes in the electrolytes 1 and 2 allow to control the electrochemical process developed in interfaces 1 and 2 of the ETJ during the cation transfer operation.
Chemical control of transfer
During the electrochemical transfer operation, the quantity of cation transferred was followed according to time and current density applied in compartment 2 in order to determine the cation transferred concentration. The samples assay were achieved by atomic absorption spectroscopy (AAS) leading to the determination of the transfer faradic yield and to the checking of the junction watertight.
III. Results and Discussion
Cobalt ion
Firstly, the aim of experiment was to check the extraction and the transfer of the cobalt cation chosen as ion test for a Mo 6 S 8 junction. To carry out this process, an electrolyte of cobalt sulphate CoSO 4 (0,1M) as source electrolyte in compartment 1 and a solution of sodium sulphate Na 2 SO 4 (0,1M) as beneficiation electrolyte in compartment 2 were used. The figure 2 show results of cobalt quantities transferred according to the time of electrolysis and to the current density. Theses quantities are directly proportional to the time and the current densities. The results confirm the feasibility of a transfer process. In the case of cobalt, a transfer faradic yield about 100% was achieved for the range of applied current density. The transfer speeds are about 5.10 -6 mol/h/cm for the Mo 6 S 8 junction. These speeds are directly related to the diffusion coefficient of cation in the mineral matrix. They depend on the diffusion coefficient (4.10 -6 cm /s) for cobalt in the sample. The figure 3 represents, after the 6 hours of electrolysis operation, the transfer faradic yield and the potentials of interfaces E 1 and E 2 corresponding respectively to the insertion and deinsertion for the different current densities. The good performance of the process is provided until 1,5 mA/cm . Up to this value, the electrolysis only allows the transfer of cation and the insertion-deinsertion potentials (E 1 and E 2 ) are in accordance with the position of the redox potential Co 2+ /Mo 6 S 8 (E = -0,450 V/SCE). At higher current densities, the transfer faradic yields decrease and the potentials of interfaces change. This evolution is due to a new redox system which appears to assume the strong intensities. On the one hand, the potential of the interface of insertion E 1 is decreasing because the reaction of the system H 2 O/H 2 water reduction occurs. Consequently, the electrochemical insertion yield of cobalt is decreasing. On the other hand, the deinsertion potential E 2 is increasing whereas the transfer faradic yield of the cation is decreasing. At this potential, the oxidation of the molybdenum chalcogen structure takes place according to the reaction given by Boulanger [12] . This potential induces the degradation of the Mo 6 S 8 junction. It is necessary to adapt the current density, in order to avoid potentials higher than 0,4 V/SCE and oxidation of host lattice for interface 2 of deinsertion. This limit concerns also the Mo 6 Se 8 network and whatever the cation. The development led for the ion Co 2+ was extended to other metallic cations of metals. The transfer protocol was successfully tested on different cations (Ni, Cd, Cu, Mn, Zn) directly engaged in the industry of batteries.
Mixtures
The metals ions solutions treatment is also examined by the selectivity of the electrolysis protocols. The insertion of a cation M in a mineral matrix (S or Se) takes place in a range of specific potential depending to the nature of the cation, the matrix and chemical parameters of the electrolyte to be treated. It is the same for the deinsertion. For a selectivity of the insertion between two cations M and M', the applied current density must impose a work potential located in the insertion range of the cation M without reaching in the potential range where 
Conclusion
The present work demonstrates the feasibility of two cells for a transfer cation based on the electrochemical reversible systems insertion/deinsertion in Chevrel phases. 
